In a preceding communication (1) we have reviewed the accumulated evidence and presented additional data to indicate that a definite degree of acidity occurs in the lesions of pneumococcus infection. The r61e of the acidity in the lesions of pneumococcus infection is not as yet clearly understood. That acidity in vitro exerts a bacteriostatic effect upon the pneumococcus was proven by the studies of Demby and Avery (2), and Lord and Nye (3, 4), which showed that in broth, hydrogen ion concentrations greater than pH 6.80 not only inhibit growth but within a short time produce death of this bacterium. However, Morgan and Avery (5) have shown that the range of hydrogen ion concentrations at which pneumococcus growth can be initiated may be extended to a degree of acidity as great as pH 6.2 in broth by the addition of fresh unheated plant tissues. Possible evidence that acidity may be less active in inhibiting the growth of pneumococcus in animal tissue fluids is afforded by the observations of Felton and Dougherty (6) who were able to maintain growth of this microorganism in milk at pH 5.00, when adjusted with hydrochloric acid.
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The present paper is a report of studies on the effects of acidity upon the growth of the pneumococcus in culture media containing tissue fluids or animal proteins.
Materials and Methods
Cultures.--The findings reported were obtained with a standard strain of Type I Pneumococcus which was maintained at maximal virulence by mouse passage during the course of the experiments.
Culture Media.--Beef infusion broth was prepared with neopeptone (Difco), 10.0 gm.; sodium chloride, 5.0 gin.; and the infusion from 1.0 pound of lean beef in a volume of a liter, in the usual manner.
The animal sera used were secured fresh from their sources. Other proteins were obtained commercially. Materials containing proteins were sterilized by Berkefeld filtration.
Hydrogen Ion Concentration.--The hydrogen ion concentration of the culture media was adjusted electrometrically with platinum electrodes and quinhydrone. Final hydrogen ion concentrations of cultures were measured in the same way. The readings were accurate within 0.10 of absolute pH and within 0.05 pH of each other.
The Initiation of Pneumococcus Growth in Serum Broth Adjusted to Acid Hydrogen Ion Concentration w#h Hydrochloric and Acetic Acids
As a method of ascertaining the effect of acidity upon the growth of pneumococcus in the presence of animal fluids, we have employed the technic described by Dubos (7) to determine the number of these bacteria required to initiate growth in broth to which fresh serum was added, and for comparison, in plain broth prepared with peptone freed of growth inhibitory substances after the method of Dubos (7). Inasmuch as the acids occurring in cultures and in the inflammatory lesions of the pneumococcus are well known to be of the organic variety, acetic as well as hydrochloric acid has been used to adjust the culture media to acid hydrogen ion concentrations. The amount of inoculum which was required to initiate growth of Type I Pneumococcus in plain broth and in broth containing 50 per cent of human serum, when adjusted to varying hydrogen ion concentrations with acetic or hydrochloric acid, is shown in Table I .
The bacteria from 8 hour plain broth cultures of virulent Type I Pneumococcus were removed by centrifugation and resuspended in an equal volume of the media to be tested for growth inhibition. From the new suspension, 0.5 cc. was used to inoculate eight tubes containing 4.5 cc. each of the same media after the usual method of serial dilution. The approximate number of pneumococci were determined by culturing 0.5 ce. of each of the two highest dilutions in blood agar pour plates. After 24 hours at 37.5°C., the cultures were examined for density of growth which was proven to be pneumococcus by subculture on blood agar.
It can be seen in Table I acid, a larger number of cells was required to induce growth of the pneumococcus, and at pH 6.5 and 6.0 these bacteria did not survive. Broth to which 50 per cent of fresh human serum was added supported pneumococcus growth at greater hydrogen ion concentrations than plain broth. When the serum broth was adjusted with hydrochloric acid, pneumococcus growth was initiated by a minimal number of organisms at pH 5.5 and was demonstrable at pH 5.0, although at that acidity relatively large amounts of inoculum were necessary. However, when acetic acid was added to the serum broth, large inocula were required to induce pneumococcus growth at pH 5.5 and these bacteria did not live at pH 5.0.
It is noteworthy that broth containing 25 per cent of human serum was found to support pneumococcus growth at increased hydrogen ion concentrations which in plain broth were bactericidal, although the degree of acidity was not equal to that at which growth of this organism occurred in 50 per cent serum broth. Also, from preliminary observations it appeared that avirulent pneumococci are somewhat more tolerant of acidity than highly virulent ones when grown in serum broth.
The Constituents of Animal Serum Which Promote Pneumococcus Growth in the Presence of Acidity
Continuing with the same technic, we have employed broth to which different materials were added in an attempt to determine the substances in serum which promote the growth of pneumococcus in the presence of acidity. The results obtained with broth containing swine serum or egg albumin when adjusted with acetic acid, are presented in Table II .
It can be seen that broth containing 50 per cent of fresh swine serum also supported the growth of pneumococcus in the range of acidity between pH 7.0 and 5.5. Likewise, in 50 per cent swine serum broth previously heated at 56°C. for 30 minutes or autoclaved at 20 pounds pressure for 20 minutes, and in broth with 2 per cent of egg albumin, pneumococcus growth occurred at comparable degrees of acidity. Here as above, pneumococcus did not survive in plain broth at hydrogen ion concentrations as great as pH 6.5.
These experiments are incomplete in that a wide variety of protein 
The Growth Rate of Type [ Pneumococcus in Serum Broth at Acid Hydrogen [on Concentrations
With the above results in mind, it seemed of interest to compare the rate of growth of pneumococcus at favorable and unfavorable degrees of acidity in serum broth with that which occurs at the optimal hydrogen ion concentration in broth alone. Accordingly the growth rate of Type I Pneumococcus in 50 per cent swine serum, 0.5 per cent dextrose broth at pH 6.5 and at pH 6.0, and in 0.5 per cent dextrose broth alone at pH 7.8, has been determined with the results given in Chart 1.
After the method developed by Chesney (8), 50.0 cc. amounts of the media employed were adjusted with acetic acid to the stated hydrogen ion concentrations and brought to 37.5°C. These portions of media were inoculated with measured quantities of a growing 8 hour broth culture of Type I Pneumococcus and kept at 37.5°C. At stated intervals samples were removed for pH determinations and for enumeration of the bacterial cells by pour plate cultures of serial dilutions. To insure completion of the growth cycle of the cultures, 0.5 per cent dextrose was added to all media.
From Chart 1 it can be seen that the growth rate of pneumococcus in the serum dextrose broth at pH 6.5 exceeded that in the dextrose broth alone at pH 7.8. However, in serum dextrose broth at pH 6.0 a larger amount of inoculum was required for initiating pneumococcus growth and the greatest number of cells attained at the height of the cycle was somewhat less than that in either serum dextrose broth at pH 6.5 or dextrose broth alone at pH 7.8. In serum dextrose broth at either pH 6.5 or 6.0, the phases of maximal growth and decline in the growth curves were prolonged in comparison with those in dextrose broth alone. Lord and Nye (9) found that fresh serum inhibits autolysis of pneumococcus and it is of interest that these bacteria were proven by subculture to remain viable in the serum dextrose broth cultures for as long as 60 to 90 hours, while in the dextrose broth alone no living cells could be demonstrated after approximately 42 hours at 37.5°C. The final hydrogen ion concentrations attained in serum dextrose broth cultures varied between pH 5.4 and 5.2, and those in dextrose broth alone lay between pH 5.1 and 5.0. Variations in the decline period of growth and the final hydrogen ion concentration of pneumococcus cultures in the serum dextrose broth were apparently influenced by factors beyond the scope of this report, which will be dealt with in a separate communication.
SUMMARY
In the presence of animal fluids or their protein constituents, Type I Pneumococcus survived and multiplied at acid hydrogen ion concentrations which in the plain broth were bactericidal for these organisms. Minimal numbers of these cells readily produced pneumococcus growth in serum broth when adjusted at hydrogen ion concentration as great as pH 5.5 with hydrochloric, or to pH 6.5 with acetic acid. Growth of the pneumococci could be demonstrated in serum broth adjusted to pI-I 5.0 with hydrochloric, or to pH 5.5 with acetic acid although at these hydrogen ion concentrations, large amounts of inoculum were necessary. Similar results were obtained with broth to which certain animal proteins were added and in serum broth which was previously heated by autoclave at 20 pounds pressure for 20 minutes.
Pneumococcus growth proceeded at a more rapid rate in serum dextrose broth at pH 6.5 than in dextrose broth alone at the optimal hydrogen ion concentration of pH 7.8. At pH 6.0 large numbers of pneumococci failed to produce the same amount of growth in serum dextrose broth as at pH 6.5 or in dextrose broth alone at pH 7.8. It is of interest that in serum dextrose broth cultures, the stationary and decline phases of pneumococcus growth were prolonged and cell death delayed in comparison with cultures in dextrose broth alone.
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